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DETAILED DESCRIPTION ^~PQ WzM>srf^ 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] It whirls (spiral spring) and it is the spring and the 
thing about the application which can use the accumulated energy as a source of power while this 
invention's being a monolayer, or carrying out the laminating of the composite material, forming it in 
a tabular and accumulating mechanical displacement as energy b 
[0002] 

[Description of the Prior Art] Before, generally a mechanical energy is accumulated and the 

following are known as a means which can emit this accumulated energy suitably. 

[0003] (1) Rubber : although it is equal to various fiber, since it is large, and deformation oxidizes in 

ordinary temperature, and tends to become weak and a problem is in endurance, the elastic strain 

energy per weight of rubber is seldom used in addition to the source of power of a model airplane 

Moreover, since form stability is bad, it is difficult to whirl (spiral spring) and to fabricate for a 

spring. 

[0004] (2) Metal spring : a metal spring has a low elastic-strain-energy storage capacitance per 
weight, and has about 1 of various high tension fiber / 50 to 1/100. However, since the moldability is 
good, energy capacity is [ only being used for manual system independent energy sources, such as a 
small thing, and the use which does not need to care about the weight, for example, a toy, a clock, a 
hand volume formula phonograph, a music box, manual radio, and ], and is not used as lightweight 
and the so-called hybrid driving source which assists the use which needs large capacity, or the 
energy source which exists separately. 

[0005] (3) Composite-material spring : the energy-absorption object constituted by FRP (fiber 
strengthening resin) aiming at the use of a spring, a damper, etc. is proposed (JP,59-40101,B). 
Although this absorber raises the intensity and the elastic modulus of material by fiber strengthening, 
by absorbing the mechanical energy as vibration, changing this into heat energy as much as possible,' 
and emitting outside, it attenuates vibration and has the need of holding a reinforcement and of 
excelling in viscoelastic property as a base material (the weight of a viscous component being high). 
However, this energy-absorption object is not a thing aiming at accumulating a rotational mechanical 
energy efficiently, and accumulating power energy, in order to carry out to emitting this accumulated 
energy as a rotational mechanical energy again without energy loss, and using it, i.e., a hybrid 
driving source. 

[0006] Moreover, although the FRP swirl spring is also known (JP, 1-120448, A), by using textiles or 
a mat for both sides, this prevents the crack of a spring and makes the improvement of setting-proof 
nature and fatigue strength, and an improvement of an elastic modulus. Thus, the fiber of the right- 
angled direction is not considered as minus and a bird clapper for the stored energy per a weight or 
volume to the longitudinal direction of a spring noting that it writes also with the absolute value of a 
stored energy by using textiles and a mat together. Moreover, a use which energy conserved by 
****** also as a use is made into the driving source of ******, or the energy conserved by manual 
winding is used as a driving source, and there is a driving source separately, for example, assists a 
driving source when required, or equalizes the load for a driving source (load leveling), or is carried 
out, i.e., the use as a hybrid driving source, is not found. 

[0007] (4) Flywheel : although a flywheel can accumulate energy mass in the form of kinetic energy, 
there were also many problems which are not solved and they were not completed as practical use 
technology. 

[0008] (5) Battery : although stored-energy density of a battery is high, in order to accumulate and 
use a mechanical energy, need opportunity-******** equipped with both functions separately 
[ motor / a generator and ], and the efficiency in each conversion step poses a problem besides an 
economical field. 
[0009] 

[Problem(s) to be Solved by the Invention] Then, an artificer etc. forms the composite which 
arranges a continuous glass fiber to ** on the other hand, and consists of a band-like fiber 
strengthening resin (FRP), as a result of repeating research wholeheartedly. Make this composite into 
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the surface-layer section for holding the intensity of both sides, prepare the interlayer section formed 
from the lightweight material for holding thickness among both [ these ] surface layers, pinch this, 
and these are formed as a stratified board. While accumulating the mechanical energy in large 
quantities to the weight and volume by this whirling and constituting a spring as a swirl spring, it 
traced that this stored energy could be emitted efficiently and it could utilize as a source of power 
widely. 

[0010] Therefore, the purpose of this invention is to offer the whorl spring which can form the 
composite which consists of a fiber strengthening resin by the specific orientation state of a 
continuous glass fiber, can emit efficiently the mechanical energy accumulated when enabling 
accumulation of a comparatively mass mechanical energy and restoring deformation of the 
aforementioned composite moreover by making this composite transform mechanically, and can be 
effectively utilized as various kinds of sources of power. 
[0011] 

[Means for Solving the Problem] It is characterized by to constitute so that may constitute the whorl 
spring applied to this invention in order to attain the aforementioned purpose from a composite 
which consists of two or more continuous glass fibers and a matrix resin which holds this to band- 
like, it may accumulate the mechanical energy of rotation operation given from an external energy 
source and/or an external load mainly as an elastic strain energy of a continuous glass fiber, may take 
out the elastic strain energy by which accumulation was carried out [ aforementioned ] at the time of 
necessary as a mechanical energy and an energy source may be assisted. 

[0012] In this case, a continuous glass fiber is a tension elastic modulus 40,000 kgf(s)/mm 2 It 
considers as the following and is tensile strength 250 kgf(s)/mm 2 It can mainly constitute from fiber 
considered as the above. 

[0013] however, a tension elastic modulus — suitable — 3 1 ,000kgf/mm2 the following — it is — 
further — desirable ~ 6,000-25,000kgf/mm2 it is . On the other hand, tensile strength is 2 340 kgf 
(s)/mm suitably. It is above and is 2 500 kgf(s)/mm still more preferably. It is above. 
[0014] Moreover, if orientation of the continuous glass fiber is carried out to a band-like longitudinal 
direction, it is suitable. In this case, what is formed blind weave and in the shape of a braid can be 
used for fiber. 

[0015] On the other hand, a composite consists of a bilayer at least, and it can be constituted so that a 
continuous glass fiber may be arranged in the same direction within each class, respectively. 
[0016] In this case, a continuous glass fiber can be constituted so that it may be arranged by the 
longitudinal direction with the inclination of less than **13.5 degrees to a band-like longitudinal 
direction. 

[0017] Furthermore, the continuous glass fiber located in the band-like outside wound in the shape of 
a whorl can be made into a kind of fiber chosen from an aramid fiber, a carbon fiber, a glass fiber, 
and a polyethylene fiber at least, and let it at least be a kind of fiber chosen from a carbon fiber, a 
glass fiber, a boron fiber, and a silicon carbide fiber in the portion located inside. 
[0018] Moreover, the whorl spring concerning this invention constitutes the surface-layer section of 
an outside and the inside from a composite which consists of two or more continuous glass fibers 
and a matrix which holds it to band-like, and is characterized by lightweight-izing the interlayer 
section from the aforementioned surface-layer section. 

[0019] In this case, since inside fiber becomes high, the one of a stored energy where the diameter of 
a filament is larger is desirable [ fiber ]. 

[0020] Moreover, the aforementioned interlayer section can form a part for a centrum. The 
aforementioned interlayer section can consist of lightweight material which has a part for a centrum. 
And a part for the centrum of the aforementioned lightweight material can consist of micro balloons. 
[0021] Furthermore, the aforementioned continuous glass fiber is a tension elastic modulus 40,000 
kgf(s)/mm 2 It considers as the following and is tensile strength 250 kgf(s)/mm 2 It can mainly 
constitute from fiber considered as the above. 

[0022] And if orientation of the continuous glass fiber is carried out to a band-like longitudinal 
direction in this case, it is suitable, and the fiber currently formed blind weave and in the shape of a 
braid can also be used. 

[0023] On the other hand, the composite of both the aforementioned surface layers consists of a 
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bilayer at least, and it can be constituted so that a continuous glass fiber may be arranged in the same 
direction within each class, respectively. 

[0024] Furthermore, the aforementioned continuous glass fiber can be constituted so that it may be 
arranged by the longitudinal direction with the inclination of less than * * 1 3 .5 degrees to a band-like 
longitudinal direction. 

[0025] Moreover, a whorl spring can make at least the continuous glass fiber of the surface-layer 
section located in the band-like outside wound in the shape of a whorl a kind of fiber chosen from an 
aramid fiber, a carbon fiber, a glass fiber, and a polyethylene fiber, and the continuous glass fiber of 
the surface-layer section located inside can make it at least a kind of fiber chosen from a carbon 
fiber, a glass fiber, a boron fiber, and a silicon carbide fiber. 

[0026] Since a stored energy becomes [ the one where the diameter of a filament is larger ] high also 
in this case, inside fiber is desirable. 

[0027] In addition, thickness of the interlayer section it is thin from the aforementioned lightweight 
material can be made into 0.2 to 6 times of the average thickness of both the surface-layers section. 
[0028] Moreover, thickness of the interlayer section it is thin from the aforementioned lightweight 
material can be made into 0.6 to 5 times of the outside surface-layer section 
[0029] 

[Embodiments of the Invention] In this invention, it can face fabricating a whorl spring, the sheet 
which carried out the laminating of the prepreg for fiber strengthening resins one layer or more than 
two-layer can be used fundamentally, this can be fabricated in the shape of a whorl, and it can attain 
heating and by carrying out pressure treatment. 

[0030] Moreover, in this invention, the layer which consists of lightweight material can be prepared 
in the unilateral side of a prepreg or middle which carried out the laminating more than the 
aforementioned monolayer or two-layer, this can be fabricated in the shape of a whorl, and a whorl 
spring can be fabricated heating and by carrying out pressure treatment. 

[0031] However, as a material used for the fiber strengthening resin of this invention, a glass fiber 
strong against hauling, a carbon fiber, an aramid fiber, etc. are desirable, and, on the other hand, a 
carbon fiber strong against compression and a boron fiber are desirable as inside reinforcement fiber, 
although there is especially no limitation of fiber desirable as a use of a whorl spring on the vortical ' 
outside, for example. Each spring obtained from these fiber has a large stored-energy capacity. 
Moreover, when preparing the lightweight layer which consists of the aforementioned lightweight 
material, these fiber is used suitably. 

[0032] Moreover, as a matrix material used for the aforementioned fiber strengthening resin, as 
thermosetting resin, an epoxy resin, phenol resin, polyimide resin, a bismaleimide resin, etc. can be 
used, and a polysulfone resin, polyester resin, a fluorine system resin, polyamide resin, polyacetal 
resin, a polyphenyl sulfide, a polyether ketone, a polyether sulfone, etc. can be used as 
thermoplastics. Crystallinity is high also in these resins especially, and what cannot carry out viscous 
deformation easily is desirable. In addition, although a ceramic metallurgy group is also usable, these 
are inferior to resins from the point of the energy storage capacitance per weight. 
[0033] The commercial 1 direction prepreg can be used as a prepreg for constituting the fiber 
strengthening resin of this invention. Moreover, in order to obtain the thing which has a necessary 
angle for fiber and which was arranged by ** on the other hand, a filament winder can be used and it 
can consider as the prepreg which carried out orientation to the predetermined angle. In this case, the 
commercial 1 direction prepreg can be used, and it can also constitute so that a predetermined angle 
may be given at the time of a laminating. Moreover, when making the surface-layer section form 
from two or more layers, it is also possible to change an angle for every layer, and the angle of right 
reverse may be given for every monostromatic. In this case, although near 12 degrees is the most 
desirable to the longitudinal direction of the spring from an energy storage capacitance as for the 
aforementioned angle, compared with what (0 times) does not carry out an angle setup, productivity 
is inferior. 

[0034] When fiber is textiles, a prepreg is cut and used for predetermined width of face, or it cuts to 
predetermined width of face after the interlayer section, a laminating, or laminate molding. However, 
usual textiles or usual knitting are not desirable from the point of energy per weight in this case. 
[0035] Moreover, on the other hand, the amount of weft can use the so-called blind weave which put 
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the weft into some places from the point of operation, and packed warp in the shape of a sheet for 
eye a small hatchet good as an object for ** prepregs. 

[0036] Furthermore, it is usable, although it is mixed by the thing of the angle of positive/negative 
and the thread angle of each class cannot say as regularity what became winding **** braid-like by 
the filament winder at a certain angle about the thread immersed in resin liquid at the mandrel easily, 
even if it does not use a prepreg. However, the method which uses this filament winder is not so 
desirable from the point of productivity. 

[0037] In the swirl spring of this invention, by preparing the interlay er section which consists of 
lightweight material, even if it uses fiber with a comparatively small stored energy, the swirl spring 
of comparatively large energy capacity can be obtained. 

[0038] As a lightweight layer which consists of lightweight material as the aforementioned interlay er 
section, although micro balloon content material and a honeycomb can be used, use of the micro 
balloon content material from fabrication operation is convenient. As a micro balloon, a glass 
balloon and a milt balloon are suitable. For example, a glass balloon is distributed to an epoxy matrix 
and what carried out specific gravity in 0.125-0.6g/cc is marketed. As a matrix resin, there is no limit 
in any way and various kinds of well-known things are usable. Moreover, a foaming resin is also 
usable. 

[0039] And when using a micro balloon for the interlay er section, it is [ as opposed to / a resin / 
beforehand ] 10 - 20% (weight ratio.). Mixture is carried out 10 to 60%, and it fabricates in required 
thickness, and when a matrix is thermosetting resin, B stage is formed beforehand, the laminating of 
this is carried out to the prepreg containing the fiber as the surface-layer section, and it is fabricated 
in a capacity factor. 

[0040] Moreover, it is also possible to use a honeycomb as the interlayer section. In this case, the 
thickness direction of a honeycomb is used as a thickness direction of the interlayer section. Then, 
although a problem is in fabrication operation nature in what has the small thickness of a spring, 
especially when thickness is several mm or more, it can be suitably used with a certain mass spring 
several cm or more. 

[0041] In addition, since the stored energy per capacity is not lowered to it even if it uses fiber for 
this interlayer section by the shape of textiles, it can be used for reinforcement of the cross direction 
of a spring. In this case, the thing of fiber with small specific gravity is desirable from the point 
which does not increase a weight. Moreover, the aforementioned interlayer section can consist of 
lightweight material which has a part for a centrum by mixing the foaming agent in the resin used, 
for example for the aforementioned interlayer section, and making it foam by heating at the time of 
fabrication. 

[0042] When using thermoplastics on the occasion of fabrication of the swirl spring of this invention, 
each class (surface-layer section, interlayer section) is welded by press forming, and it fabricates in a 
required form. When using thermosetting resin, the spacer and laminated material which consist of 
silicone rubber of predetermined thickness are piled up, it involves in a date-rolls formula and 
vacuum-packs, and it is made to heat and harden under pressurization and fabricates with an 
autoclave. In this case, the pitch during the circumference of the swirl in a natural state is changeable 
by the outside and the inside by attaching inclination to the thickness of silicone rubber. 
[0043] moreover, the mold goods extruded before full hardening in thermosetting resin before 
temperature still got cold fully in thermoplastics, when fabrication by the protrusion rod was 
performed - a spacer (for example, heat-resistant silicon rubber sheet) ~ in piles - a shaft ~ rolling 
round ~ after an appropriate time ~ cooling - or it is made to re-harden and fabricates This forming 
method is excellent in respect of [ method / prepreg fabrication / by the aforementioned 
thermosetting resin ] productivity. 

[0044] In addition, in the forming method which uses each aforementioned spacer, the 
aforementioned spacer can use an air bag etc. as things other than silicone rubber. ' 
[0045] Moreover, in case it considers as the composition which can be used as a swirl spring 
configuration, in order to roll round and to avoid the contact during spring each circumference in 
rewinding, rigidity can be small set up toward inside from outside. In this case, width of face is 
fixed, inclination is given to thickness, or thickness is fixed and inclination is given to width of face 
outside from inside. 
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[0046] Furthermore, in this invention, aforementioned each class (surface-layer section, interlayer 
section) can be considered as as [ plate-like ], and it can also consider as the composition which can 
be used as a flat spring configuration. 
[0047] 

[Example] Next, it explains to a detail below about the example of the swirl spring concerning this 
invention, referring to an accompanying drawing. 

[0048] The epoxy resin (state where it does not harden) was infiltrated into example 1 carbon fiber 
[T300 by Toray Industries, Inc.], and the prepreg laminated materials 10 and 10 (0.5mm in a length 
of 2,500mm, width of face of 50mm, thickness) which carry out the laminating of the prepreg two- 
layer, and become so that the grain direction may become **0 degree to a longitudinal direction 
were created. 

[0049] Thus, as shown in (a) of drawing 1 , with the silicon board 22, the diameter made the prepreg 
laminated materials 10 and 10 which carried out the laminating of the prepreg two-layer, and created 
it the pitch [ between / each circumference ] interval, and wound them around the circumference of 
the metal mold 20 which is 20mm. 

[0050] After winding all the aforementioned laminated materials, as shown in drawing 2 , the outside 
is wound on the pressurization tape 24 made from polyester, and the film made of nylon performs a 
vacuum packing. Then, it puts into an autoclave, and it held for 120 minutes and was made to harden 
according to heating / pressurization conditions of the temperature of 130 degrees C, and pressure 3 
kg/cm3 g. 

[0051] About the obtained object, by demounting the pressurization tape 24, the silicon board 22, 
and metal mold 20 one by one, the diameter of a periphery consisted of a laminated material which is 
150mm, it whirled, and the spring was obtained. 

[0052] Considering the grain direction as the composition which carried out the laminating to two- 
layer on the occasion of creation of the example 2 prepreg laminated material 10, so that it might 
become **12 degrees to a longitudinal direction, other composition created the prepreg laminated 
material as altogether the same as that of an example 1. Subsequently, micro ply SF[ by film 12 
[Nippon Oil Co., Ltd. ]-6] (1.5mm in a length of 2,500mm, width of face of 50mm, thickness) of the 
epoxy resin filled up with the micro balloon of glass was created. 

[0053] Thus, as shown in (b) of drawing 1 , the prepreg laminated materials 10 and 10 and film 12 
which were created made the aforementioned film 12 the interlayer section, and it carried out the 
laminating so that the both sides might be pinched by the aforementioned prepreg laminated 
materials 10 and 10, and they wound this laminated material around the circumference of metal mold 
20 with the silicon board 22. 

[0054] After winding all the aforementioned laminated materials, the whorl spring was obtained 
according to the same manufacture conditions as the aforementioned example 1 . 
[0055] Considering the grain direction as the composition which carried out the laminating to two- 
layer on the occasion of creation of the example 3 prepreg laminated material 10, so that it might 
become **0 degree to a longitudinal direction, other composition created the prepreg laminated 
material as altogether the same as that of an example 1 . Another component and other manufacture 
conditions were altogether made the same with the aforementioned example 2, and obtained the 
whorl spring. 

[0056] Creation of the prepreg laminated material 10 which forms the surface-layer section of the 
outside of an example 4 whorl spring is faced. Replace with the carbon fiber of an example 1 and an 
epoxy resin (state where it does not harden) is infiltrated into an aramid fiber [KEVLAR-49 by U.S. 
Du Pont]. The prepreg laminated materials 10 and 10 (the class section 0.5mm in a length of 
2,500mm, width of face of 50mm, thickness) which carry out a laminating to two-layer and become 
it so that the grain direction may become ** 1 3 degrees to a longitudinal direction were created. 
Another component (the inside surface-layer section and the inside interlayer section) and other 
manufacture conditions were altogether made the same with the aforementioned example 2, and 
obtained the whorl spring. 

[0057] Spring steel with an example length of comparison of 2,500mm, a width of face [ of 50mm ], 
and a thickness of 0.5mm was used, this was wound around necessary metal mold in the shape of a 
whorl, it heat-treated with this state, and the whorl spring was obtained. 
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[0058] A. About the whorl spring obtained in the examination examples 1-4 about a stored energy, 
and the example of comparison, respectively per weight, the examination about a stored energy was 
performed per weight. 

[0059] The whorl spring S whose diameter of a periphery is 150mm as a test-method sample was 
fixed to the arbor 30 whose diameter is 15mm about an edge as shown in drawing 3 , the outer edge 
was fixed inside the case 32, and a load and a variation rate when a tension omnipotent tensile test 
machine pulls the wire 34 rolled and stuck to the aforementioned arbor 30 in the direction of an 
arrow were measured. 

[0060] First, when it pulled on the occasion of measurement until it created the five same samples 
and destroyed them, respectively, it asked for the stored energy (kg-cm/kg) from the bottom area of a 
load-displacement curve per weight of each sample corresponding to distortion of 80% of breaking- 
strain Mino of a sample where destructive distortion became the maximum. These were carried out 
about each example. In addition, since the periphery was fixed and each whorl spring was rolled 
round from the inside, there could be little friction between each periphery of a spring, it was able to 
be distorted, - stress characteristic curve was able to show the straight line mostly, and it was able to 
ask for the area under the aforementioned curve by trigonometry. These test results are shown in 
Table 1. 

[0061] Moreover, when a hysteresis characteristic was drawn without making distortion result even 
in destruction, the inclination of return is the same as going, and it was admitted, respectively that a 
hysteresis was small. 
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[0063] It was checked from the test result of a stored energy per above-mentioned weight that the 
whorl spring obtained in the examples 1-4 concerning this invention can demonstrate a stored energy 
per weight of about 50 times or more as compared with the whorl spring in the conventional example 
of comparison. *" 

[0064] B. As a result of measuring about a stored energy (kg-cm/kg) per weight with fiber angle 
alpha (degree) at the time of changing various fiber angles and angles [ as opposed to the 
longitudinal direction of fiber on the occasion of manufacture of the whorl spring according to the 
related example 2 with a stored energy per weight ], the property shown in drawing 4 was acquired. 
From this property result, it was checked that it is desirable that the aforementioned fiber angle of a 
stored energy is less than **13.5 degrees per weight in near **12 degree as for maximum, a bird 
clapper, and this angle. 

[0065] C. the thickness of the interlayer section / surface-layer section, and manufacture of the swirl 
spring according to the related example 2 with a stored energy per weight ~ facing ~ the thickness tl 
of the outside surface-layer section, the thickness t3 of the inside surface-layer section, and thickness 
t2 of the interlayer section ********„ j t changed variously and measured about the stored energy 
(kg-cm/kg) per weight 

[0066] First, thickness tl of the outside surface-layer section Thickness t2 of the receiving interlayer 
section As a result of measuring about a ratio (t2 / tl), the property shown in drawing 5 was 
acquired. Thickness tl of this property result to the outside surface-layer section Thickness t2 of the 
receiving interlayer section It turns out that maximum is obtained in the range of ratios 1 .5-3. 
[0067] Thickness tl of the outside surface-layer section And thickness t3 of the inside surface-layer 
section When referred to as both 0.04cm, as a result of measuring about the time of making it change 
to thickness t2 =0-0.25cm of the interlayer section, the property shown in drawing 6 was acquired. 
That maximum is obtained from this property result for the thickness of the range of thickness t2 
=0.025-0.2cm of the interlayer section, i.e., the interlayer section, in the 0.6 to 5 times as many range 
as this to the average thickness of both the surface-layers section, one side, and t3/tl t3/tl in which 
the maximum shows the maximum to in 1 .25, and maximum exists It turns out that the range is 
about 0.5-3. In addition, as a result of performing same measurement in this case about a glass fiber 
strengthening resin, an aramid fiber strengthening resin, and spring steel, as compared with what is 
depended on an example 2, it was checked per weight that a stored energy is about 1/3 or less. 
[0068] Next, the whorl spring concerning this invention mentioned above is used, and the equipment 
applied to the source of power which performs accumulation and discharge of energy is explained. 
[0069] Application drawing 7 emits the energy which whirled, accumulated the drive rotational 
energy of the axis of rotation for the spring, and was accumulated at this whorl spring to the driving 
source side of the axis of rotation held suitably at the free rotation state, and shows the basic 
principle in the case of constituting so that necessary driving force may be given to this axis of 
rotation (recycling). 

[0070] That is, in drawing 7 , the axis of rotation which connected the end to the necessary driving 
source (not shown) is shown, it is combined with end 40a of this axis of rotation 40 by the driving 
source (for example, engine of an automobile), and the reference mark 40 is combined with other 
end 40b by the passive-movement object (for example, wheel of an automobile). Thus, in the 
periphery of the constituted axis of rotation 40, it becomes the aforementioned example 2 from the 
composition of a publication, and whirls, and surrounding arrangement of the spring 42 is carried 
out. 

[0071] Receipt arrangement of this whorl spring 42 is carried out between the inside support case 44 
and the outside maintenance case 46, and surrounding covering of the aforementioned outside 
maintenance case 46 is further carried out in the whole with the external housing 48. In addition, it is 
fixed externally and the aforementioned external housing 48 holds the axis of rotation 40 free 
[ rotation ] through bearing 50 and 51 in the both ends, respectively. 

[0072] However, it is equipped with the inside support case 44 of the aforementioned whorl spring 
42 so that the axis of rotation 40 may be held free [ rotation ] through bearing 52 and 53 in the both 
ends of shaft orientations. On the other hand, joint wearing of the engaging and releasing of the 
aforementioned outside maintenance case 46 is enabled to the axis of rotation 40 through an one-way 
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clutch 54 and bearing 55 in the end section of shaft orientations. 

[0073] furthermore -- the above - a whorl -- a spring - 42 -- the inside - support -- a case - 44 - 
the axis of rotation -- 40 -- a side -- an end -- setting — the axis of rotation — 40 — joining together -- 
having - rotation - a drive -- carrying out -- a clutch -- 56 - engaging and releasing -- free - 
combination « composition - carrying out - having . Moreover, the end of the aforementioned 
inside support case 44 engages with bond-part 48a prepared in the medial surface by the side of the 
end of the external housing 48 through the one-way clutch 58. 

[0074] In bond-part 48b prepared in the medial surface by the side of the other end of the external 
housing 48 on the other hand while combining the aforementioned outside maintenance case 46 with 
the axis of rotation 40 free [ engaging and releasing ] through the aforementioned one-way clutch 54 
in other end side (load side) 40b of the axis of rotation 40, the brake bond part 60 which performs 
brake combination which can engage and release freely is constituted, 
[0075] Next, accumulation / discharge operation of the energy of the whorl spring 42 in the 
equipment which consists of the aforementioned composition is explained. 

[0076] First, while whirling with a clutch 56 and making the inside support case 44 of a spring 42 
into an engagement state, the outside support case 46 and the external housing 48 of the whorl spring 
42 are made into an integrated state by the brake bond part 60. Thus, if the rotation drive of the axis 
of rotation 40 is carried out in the direction of an arrow by the driving source, while carrying out free 
rotation of the aforementioned inside support case 44 to an one-way clutch 58, since the 
aforementioned outside support case 46 engages with the external housing 48 by the brake bond part 
60 and it is fixed, the whorl spring 42 will be rolled from the inside to a necessary limitation, and 
bundle operation will be carried out. In addition, free rotation of the axis of rotation 40 is carried out 
to an one-way clutch 54 in this case. Moreover, when a driving source stops, while the whorl spring 
42 winds and bundle operation is carried out by rotation operation of the axis of rotation 40 by the 
inertia of a load, this can do the operation of a brake to the axis of rotation 40 
[0077] However, in this case, although the outside maintenance case 46 tends to rotate in one with 
the aforementioned inside support case 44 on the occasion of the superfluous volume bundle beyond 
a necessary limitation, it is constituted by the amount of [ of the aforementioned outside maintenance 
case 46 and the external housing 48 ] bond part so that the aforementioned outside maintenance case 
46 can carry out slip rotation through proper slip equipment (not shown), 

[0078] By such volume bundle operation of the whorl spring 42, necessary elastic strain energy can 
be accumulated for the aforementioned whorl spring 42. 

[0079] Subsequently, if the engagement of a clutch 56 which is performing combination with the 
inside support case 44 of the aforementioned whorl spring 42 and the axis of rotation 40 is canceled 
after stopping the rotation drive of the aforementioned axis of rotation 40 By the energy accumulated 
at the whorl spring 42, although the aforementioned inside support case 44 tends to carry out rotation 
operation in the direction opposite to the rotation driving direction of the aforementioned axis of 
rotation 40 In this case, the one-way clutch 58 which combines the inside support case 44 and the 
external housing 48 will be in an engagement state, and free rotation will be prevented. 
[0080] Then, if engagement of the brake bond part 60 which is performing combination with the 
outside support case 46 of the aforementioned whorl spring 42 and the external housing 48 is 
canceled, the aforementioned outside support case 46 tends to carry out rotation operation of the 
aforementioned outside support case 46 and the axis of rotation 40 by the energy accumulated at the 
whorl spring 42 in the same direction as the rotation driving direction of the aforementioned axis of 
rotation 40. At this time, as for the case of a low rotational frequency, an one-way clutch 54 will be 
from the rotational frequency which the axis of rotation 40 has stopped or the outside support case 
46 tends to rotate in an integrated state, and the whorl spring 42 emits energy which was made to 
carry out rotation operation of the aforementioned outside support case 46 and the axis of rotation 40 
in one, and was accumulated. 

[0081] By this, when the axis of rotation 40 has stopped, a drive start will be carried out by the whorl 
spring independent, and when the rotational speed of the axis of rotation 40 is slow, a whorl spring 
will assist a driving source. In this case, it is desirable to form the equipment which controls the 
energy-release speed of a whorl spring, and to make it the rotational speed of the axis of rotation 40 
not become large rapidly. 
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[0082] Thus, the energy which whirled by the rotation drive of the axis of rotation 40, and was 
accumulated at the spring 42 can be made to emit alternatively in the rotation driving direction of the 
axis of rotation 40 on the occasion of a drive halt of the axis of rotation 40, respectively by engaging- 
and-releasing operation of a clutch 56, the brake bond part 60, and an one-way clutch 58. 
[0083] Thus, according to going down of a slope, or braking at the time of a slowdown, recovery 
accumulation of the energy is carried out at the whorl spring 42, and the function as the driving 
source at the time of a start and assistance of the lack of ability of acceleration of a driving source or 
the driving source at the time of a climb is demonstrated for this. Moreover, it is also possible to 
heighten the output of a driving source before a long climb, and to pre-enlarge the amount of stored 
energies of the whorl spring 42. In addition, when backing by the driving source, an one-way clutch 
54 needs to be canceled. Moreover, when a load rotates by the driving source, if desorbed from the 
clutch 56, it is enough without receipts and payments of the whorl spring 42 and energy. And in case 
the driving source itself rotates reversely in this case, it is necessary to be desorbed from a clutch 56, 
to combine the brake bond part 60, and to cancel an one-way clutch 54. 
[0084] Moreover, on the occasion of the discharge to the axis of rotation 40 of the energy 
accumulated at the aforementioned whorl spring 42, through an one-way clutch 54 or a clutch 56, in 
combination with the axis of rotation 40, it can constitute, respectively, with the aforementioned ' 
outside maintenance case 46 or the inside maintenance case 46 so that the speed control of the axis 
of rotation 40 by discharge of a stored energy may be smoothly attained to these bond parts by 
preparing speed governor styles applied to a time register, such as a temp and a pendulum. 
[0085] Furthermore, it whirls, and when [ which was mentioned above ] using it on the occasion of 
use of a spring 42 in joint fixation with the both ends of the whorl spring 42, and a core side (for 
example, inside maintenance case 44) and an outside (for example, outside maintenance case 46), 
making the aforementioned whorl spring 42 distorted by the fixed safety within the circle, it is 
satisfactory by mere adhesion and a mere bolt stop. However, in the aforementioned whorl spring 42, 
fiber is arranged by one side and, moreover, it is necessary to distribute distortion or the force by 
which a load is carried out to all fiber when using it, making the aforementioned whorl spring 42 
distorted to near the destructive limitation. Moreover, when the bending stress of the aforementioned 
spring concentrates on one place, a spring may break in the concentration part and it is not desirable. 
[0086] then, a both-sides side [ in / the edge 43 of the whorl spring 42 / as shown in drawing 8 ] ~ 
receiving - edge reinforcement - adhesion fixation is carried out as it pinches by members 64 and 
65 Thus, the aforementioned trouble is cancelable by strengthening the edge 43 of the 
aforementioned whorl spring 42, and attaching this by the method of adhesion and others to a 
predetermined bond part. Moreover, in the example shown in drawing 8 , although the whorl spring 
42 wound and the end edge 43 was shown, the thing which do not illustrate and for which it can 
whirl and the same edge reinforcement member as the above can be attached also about the cut- water 
edge of a spring 42 is natural. 

[0087] in this case, edge reinforcement - while the composite material reinforced with a metal, fiber 
textiles, etc. can constitute members 64 and 65 - this edge reinforcement ~ members 64 and 65 ~ 
the edge 43 of the whorl spring 42 « the thing which are estranged more gradually and which is set 
up so that concentration of stress may be avoided, as it is alike, and it forms so that the thickness 
may become thin gradually, and follows and may curve with a spring is desirable in addition, the 
example shown in drawing 8 - setting - edge reinforcement of the whorl spring 42 ~ edge 
reinforcement of the side joined to bond-part material among members - if a member 65 (winding 
lateral surface of the end edge 43) is constituted so that the point 65a may be made to bend and 
project outside and it may be easy to be engaged, it is suitable Moreover, it constitutes so that the 
point of the side (namely, medial surface of a cut- water edge) which is not illustrated and which it 
whirls and is joined to bond-part material also about the edge reinforcement member of the cut- water 
edge of a spring 42 may be made to bend and project inside and it may be easy to be engaged. 
[0088] In addition, in this application, in the composition shown in drawing 7 , although the case 
where the axis of rotation 40 was constituted as a single shaft was shown, combination side 40a with 
a driving source and combination side (load side) 40b with a passive-movement object can be 
separated, and these can also be considered as the composition combined through a proper shaft 
coupling. 



Page 10 of 12 



[0089] It whirls, joint arrangement of the plurality of a spring is carried out in series, and drawing 9 
emits again the energy which was mentioned above and which whirled, accumulated the drive 
rotational energy of the axis of rotation for the spring, and was accumulated at this whorl spring to 
the axis of rotation, and shows the application constituted so that necessary driving force might be 
given to this axis of rotation (recycling). In addition, about the same component as the component of 
explanation shown in aforementioned drawing 7 , the same reference mark is attached for 
convenience, and detailed explanation is omitted. 

[0090] That is, in drawing 9 , a reference mark 40 shows the axis of rotation which connected the 
end to the necessary driving source (not shown), and connected the other end to the load, and 
consists of composition which adjoined one by one and carried out surrounding arrangement of two 
or more whorl springs 42a, 42b, 42c, and 42d which become the aforementioned example 2 from the 
composition of a publication in the periphery of this axis of rotation 40. 

[0091] The whorl springs 42a-42d of these plurality about 42d of whorl springs of the first whorl 
spring 42a and the last It is held at the outside support case 46 and the inside maintenance case 44. 
about these whorl springs 42a, 42b, 42c, and 42d It is held in the connection cases 47a, 47b, and 47c 
which formed the inside maintenance case sections 44a, 44b, and 44c of a whorl spring, and the 
outside support case sections 46a, 46b, and 46c in one one by one, respectively. 
[0092] In addition, in this application, the outside support case 46 is engaging with the external 
housing 48 through an one-way clutch 58 while combining with the axis of rotation 40 through the 
clutch mechanism 66 which consists of clutch fork 66a, clutch thrust bearing 66b, and multiple-disc- 
clutch 66c. Furthermore, some outside support cases 46 are equipped with sleeve 46' which extends 
to the aforementioned inside maintenance case sections 44a, 44b, and 44c and the inner 
circumference section of the inside maintenance case 44, and each aforementioned inside 
maintenance case sections 44a, 44b, and 44c and the inside maintenance case 44 are held free 
[ rotation ] through bearing 52 and 53 to this sleeve 46', respectively. 

[0093] Moreover, in this application, the inside maintenance case 44 is engaging with the axis of 
rotation 40 through an one-way clutch 54 while combining with the external housing 48 through the 
brake joint mechanism 70 which consists of brake drum 70a, brake-shoe 70b, and brake cam 70c. 
[0094] Other composition is the same as that of what is fundamentally shown in aforementioned 
drawing 7 . Therefore, also in the application shown in this drawing 9 , the operation is 
fundamentally [ as the application shown in aforementioned drawing 7 ] the same, and is the point 
which constituted the whorl spring in the multiple string, and the feature is that it may increase the 
storage capacitance and discharge capacity of elastic strain energy. 

[0095] As mentioned above, according to the composition of the whorl spring of this invention, a 
stored energy can be raised more sharply than the conventional thing. Therefore, when 
manufacturing energy accumulation equipment using this whorl spring, it is necessary to consider as 
the structure where the capacity of the aforementioned whorl spring is fully utilizable. And it is 
necessary to consider the destructive distortion of a whorl spring, and it is necessary to design 
housing and a paper winding shaft so that a spring may be distorted even to near [ this ] even 
distortion or near it. case it is common at least - the diameter of a paper winding shaft - fabrication 
- it needs to be smaller than the diameter of metal mold Moreover, when a certain place is distorted 
to the point most early near destruction, designing, as other portions are distorted till the place almost 
near destruction will raise a stored energy, for this reason - being alike - it is with the 
circumference inside a spring, and the outside circumference, and it is desirable to design the pitch 
during the circumference so that it may ask for the curvature in a destructive time by experiment and 
destructive distortion may be reached thereby almost simultaneous 

[0096] In addition, naturally variation exists in the destructive distortion of the mass-produced 
spring. Therefore, the use range must be safety within the circle [ in consideration of variation ]. For 
example, the diameter of a paper winding shaft is set up or a rotation arrester or slip equipment is 
suitably formed so that distortion by 80% or more of average breaking-strain Mino may not be 
received. 

[0097] Moreover, in the whorl spring of this invention, distortion is received between outside 
housing and an inside paper winding shaft. When using the plurality of a whorl spring, making it in- 
series, an one housing [ of a spring ] and paper winding shaft side is made to connect one by one. In 
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this case, the spring diameter of an outside and the inside is regulated by housing and the paper 
winding shaft. However, since the periphery becomes small and each circumference of a spring 
gathers simultaneously to shaft orientations while the outside of a spring is pulled out, friction arises 
with equipment without such regulation, for example, a take-up spool method without housing, 
between the circumference. For this reason, a big hysteresis is produced on the occasion of 
expansion and contraction of a spring. 

[0098] However, if housing exists, each circumference moves a periphery toward inside one by one 
with rotation of a paper winding shaft, not changed, there is little friction in comparison and a 
hysteresis is also small [ friction ] for this reason. Thereby, the accumulation discharge efficiency of 
energy also becomes high. 

[0099] In addition, a hysteresis can be made small by making small the elastic modulus of the inside 
of a spring, or an outside. Moreover, a hysteresis can also be made small by lowering frictional 
resistance for the inside and the outside of a spring by mechanical processing. Furthermore, also by 
making the lubricant from which matrices, such as paraffin series oil, are not changed to the inside or 
the outside of a spring adhere to a front face, frictional resistance can be lowered and a hysteresis can 
be made small. 

[0100] Furthermore, in the whorl spring of this invention, in spring deformation, it pulls in the 
outside surface-layer section, deformation arises, a compression set arises in the inside surface-layer 
section, and the portion which only bends in the pars intermedia of the thickness direction, and does 
not have deformation of the length direction arises. In order to utilize the capacity of the material 
used as hard as possible, when deformation breaks, it is desirable that all material has reached the 
breaking point. Therefore, outside the portion which does not carry out [ aforementioned ] length 
deformation (outside surface-layer section), a thing strong against tension deformation is desirable, 
and a thing strong against a compression set is desirable inside the portion which does not carry out 
length deformation (inside surface-layer section). Moreover, it is desirable to consider as the big 
thing of destructive deformation toward a front face in each. Thus, fiber and a resin can be chosen. 
[0101] And although it may not necessarily be stratified, changing fiber toward pars intermedia from 
a front face disregards a productivity issue, and it is desirable. [ of the class section ] When the class 
section consists of two or more layers, such change is easy in comparison. By using an aramid fiber 
and a glass fiber for the outside layer of the outside surface-layer section, specifically, making an 
inside layer into a carbon fiber, using a carbon fiber for the front-face side (inside of a spring) of the 
inside surface-layer section, and using a boron fiber and a silicon carbide fiber inside (pars 
intermedia side of a spring), a desirable mode also forms so that a both layer all layer may break 
simultaneously. 

[0102] In addition, by fiber being the same in the inside layer and surface layer of the inside surface- 
layer section, and using a thick thing for the diameter of a filament of fiber by the surface layer, 
compressibility-proof can be raised and simultaneous destruction nature can also be raised. 
Moreover, when the interlayer section in the air exists, it can constitute similarly. 
[0103] As mentioned above, although the suitable example of this invention was explained, it is 
natural [ this invention ] that many design changes can be made within limits which do not deviate 
from the pneuma of this invention, without being limited to the aforementioned example. 
[0104] In addition, it is what carries the cell and motor which were charged beforehand and assists 
human power with a bicycle as a hybrid driving gear using the conventional energy-conversion 
mechanism on a slope, for example, or is the hybrid drive formula automobile which uses a 
generator, a battery, and a motor (or AC machine which unified the generator and the motor). On the 
other hand, in the whorl (spiral spring) spring of this invention, turning effort is accumulated with 
turning effort, it uses as a turning effort as it is, and there is no conversion of energy, therefore 
excessive equipment is unnecessary. Therefore, compared with the conventional spring, it is 
improved remarkably and a stored energy can use the whorl spring of this invention as a useful 
means of a hybrid drive. 
[0105] 

[Effect of the Invention] this invention is started and it whirls so that clearly from the example 
mentioned above (spiral spring), a spring It constitutes from a composite which becomes two or 
more continuous glass fibers from the matrix resin which holds this to band-like. The mechanical 
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energy of rotation operation given from an external driving source and/or an external load is 
accumulated mainly as an elastic strain energy of a continuous glass fiber. While it constitutes so 
that the elastic strain energy by which accumulation was carried out [ aforementioned ] at the time of 
necessary may be taken out as a mechanical energy and a driving source may be assisted, and the 
aforementioned composite constitutes the surface-layer section of an outside and the inside By 
preparing the interlayer who consists of lightweight material for being inserted into both the surface- 
layers section and maintaining the distance between both surface layers, fabricating this in the shape 
of a whorl, whirling, and constituting a spring In case accumulation of a comparatively mass 
mechanical energy is enabled and deformation of the aforementioned composite is moreover restored 
by making the aforementioned composite transform mechanically, the accumulated mechanical 
energy can be emitted efficiently and it can utilize effectively as various kinds of sources of power. 
[0106] Moreover, the whorl spring of this invention improves the stored energy per capacity, when 
preparing a middle lightweight layer, improving the stored energy per weight and not preparing a 
middle lightweight layer further. For this reason, if the textiles and knitting, and a nonwoven fabric 
are used, since an improvement effect will be lowered as a continuous glass fiber, it is not desirable. 
As for fiber, it is desirable that orientation is substantially carried out only to the longitudinal 
direction of a spring. 

[0107] Therefore, by applying to the equipment which applied this to the source of power which 
performs accumulation and discharge of energy, the whorl spring concerning this invention can level 
change of a load, or as a means to level change of an energy source, it can use it in a wide range field 
so that it may illustrate below. 

[0108] (1) When the heavy load of the means a. future which levels change of a load is expected, 
accumulate energy little by little, without hanging unreasonableness on a driving source beforehand, 
and assist the driving source at the time of a heavy load. For example, in a shuttle bus etc., it is 
possible by making it a navigator interlocked with and programming beforehand to prepare the 
energy for climbs. Moreover, in a bicycle, when a front long climb can be seen, an output is raised 
little by little from this side, a whorl spring can be rolled, energy can be accumulated, and a stored 
energy can be emitted at the time of a climb. 

[0109] b. Whirl, accumulate the surplus rotational energy at the time of a low load for a spring, and 
assist an energy source at the time of a heavy load. For example, it can use for power load leveling 
by whirling by dump power, rolling a spring, accumulating energy, when there are few power 
requirements, and emitting, when power requirements are large. 

[01 10] c. Accumulate the mechanical energy usually diffused as heat at the time of braking for a 
whorl spring, and this assists the energy source at the time of the usual rotation. For example, it 
whirls at the time of **** of an automobile, a bicycle, and a train, or a slowdown, a spring is'rolled, 
energy is accumulated, and a stored energy is emitted at the time of a climb or acceleration. In 
addition, an elevator is applicable similarly, and if it is an energy source, it will not necessarily be 
limited to what drives an object. 

[01 11] (2) In the means a. wind power which levels change of an energy source, on the occasion of 
the drive at the time of a strong wind, it whirls, accumulate energy for a spring, emit a stored energy 
on the occasion of the drive at the time of calm, or the time of a low wind, and attain equalization of 
a power generation output. 

[0112] b. In current power generation, a cell is substituted, it whirls, and a spring is used, accumulate 
energy for this swirl spring, emit a stored energy on the occasion of the time of a non-tidal current or 
a low-water style, and attain equalization of a power generation output. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] The swirl spring characterized by constituting from a composite which becomes two or 
more continuous glass fibers from the matrix resin which holds this to band-like, and constituting so 
that the mechanical energy of rotation operation given from an external energy source and/or an 
external load may be accumulated mainly as an elastic strain energy of a continuous glass fiber, the 
elastic strain energy by which accumulation was carried out [ aforementioned ] at the time of 
necessary may be taken out as a mechanical energy and an energy source may be assisted. 
[Claim 2] The accumulation of energy to the swirl spring by the load is a swirl spring according to 
claim 1 which constitutes and becomes so that the energy which a load has may be collected, it may 
whirl at the time of the brake operation to a load and a spring may be given. 
[Claim 3] For a continuous glass fiber, a tension elastic modulus is 2 40,000 kgf(s)/mm. It is the 
following and tensile strength is 2 250 kgf(s)/mm. Swirl spring according to claim 1 which it mainly 
comes to constitute from fiber which it is above. 

[Claim 4] A continuous glass fiber is a swirl spring according to claim 1 which comes to carry out 
orientation to a band-like longitudinal direction. 

[Claim 5] A composite is a swirl spring according to claim 1 with which consist of a bilayer at least 
and it comes to arrange a continuous glass fiber within each class in the same direction, respectively. 

[Claim 6] The swirl spring according to claim 4 or 5 with which a longitudinal direction comes to 
arrange a continuous glass fiber with the inclination of less than ** 13.5 degrees to a band-like 
longitudinal direction. 

[Claim 7] The swirl spring according to claim 1 to 6 the continuous glass fiber located in the band- 
like outside wound in the shape of a swirl is a kind of fiber chosen from an aramid fiber, a carbon 
fiber, a glass fiber, and a polyethylene fiber at least, and is [ spring ] a kind of fiber chosen from a 
carbon fiber, a glass fiber, a boron fiber, and a silicon carbide fiber in the portion located inside at 
least. 

[Claim 8] The whorl spring characterized by having constituted the surface-layer section of an 
outside and the inside from a composite which consists of two or more continuous glass fibers and a 
matrix which holds it to band-like, and turning the interlayer section lightweight from the 
aforementioned surface-layer section. 

[Claim 9] The whorl spring according to claim 8 which comes to form a part for a centrum in the 
interlayer section. 

[Claim 10] The whorl spring according to claim 8 which comes to constitute the interlayer section 
from lightweight material which has a part for a centrum. 

[Claim 11] The whorl spring according to claim 9 which comes to constitute a part for the centrum 
of lightweight material from a micro balloon. 

[Claim 12] For a continuous glass fiber, a tension elastic modulus is 2 40,000 kgf(s)/mm. It is the 
following and tensile strength is 2 250 kgf(s)/mm. Whorl spring according to claim 8 which it 
mainly comes to constitute from fiber which it is above. 

[Claim 13] A continuous glass fiber is a whorl spring according to claim 8 which comes to carry out 
orientation to a band-like longitudinal direction. 

[Claim 14] The composite of both the surface-layers section is a whorl spring according to claim 8 
with which consist of a bilayer at least, respectively, and it comes to arrange a continuous glass fiber 
within each class in the same direction, respectively. 

[Claim 15] A continuous glass fiber is a swirl spring according to claim 13 or 14 which a 
longitudinal direction comes to arrange with the inclination of less than ** 1 3.5 degrees to a band- 
like longitudinal direction. 

[Claim 16] The whorl spring according to claim 8 to 15 whose continuous glass fiber of the surface- 
layer section located inside the continuous glass fiber of the surface-layer section located in the 
band-like outside wound in the shape of a whorl is a kind of fiber chosen from an aramid fiber, a 
carbon fiber, a glass fiber, and a polyethylene fiber at least, and is a kind of fiber chosen from a 
carbon fiber, a glass fiber, a boron fiber, and a silicon carbide fiber at least. 

[Claim 17] The whorl spring according to claim 8 with which the thickness of the interlayer section 
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it is thin from lightweight material consists of 0.2 to 6 times of the average thickness of both the 
surface-layers section. 

[Claim 18] The whorl spring according to claim 8 with which the thickness of the interlay er section 
it is thin from lightweight material consists of 0.6 to 5 times of the outside surface-layer section. 
[Claim 19] The swirl spring according to claim 8 which constitutes and becomes so that the 
aforementioned energy which accumulated the mechanical energy of the rotation given from an 
external energy source and/or an external load mainly as elastic strain energy of a continuous glass 
fiber, and was accumulated at the time of business may be taken out as a mechanical energy and an 
energy source may be assisted. 
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